Background: Childhood obesity continues to be a substantial problem despite major public health efforts, and disproportionately impacts children from low-income families. Digital health tools and consumer technology offer promising opportunities for interventions, but few studies have evaluated how they might be incorporated into existing interventions or used to create new types of interventions. It remains unclear which approaches would be most beneficial for underserved pediatric populations. Purpose: To describe the design and rationale of a single-center randomized, controlled trial evaluating the effects of personal activity tracker (PAT) use by parents on weight-status improvement in both parents and overweight children enrolled in BodyWorks (BW), a comprehensive behavioral family-lifestyle intervention program (CBFLI), in a primary-care clinic serving a predominantly low-income Latino population. Methods: This study is being conducted in the AltaMed general pediatrics clinic at Children's Hospital Los Angeles. Eligible participants are families (child and adult caregiver) in which the child is between 7 and 18 years of age, has a BMI ≥85th percentile for age and sex, and has been referred to BW by their AltaMed pediatrician. BW consists of one weekly, two-hour session for 7 weeks. In a given cycle, the program is offered on two separate nights: Monday (Spanish) and Wednesday (English). Families self sort into one of two groups based on language preference. To ensure balanced allocation of language preference groups and prevent in-group cross contamination, block randomization is used to assign whole groups to either the intervention or control arms of the study. The control arm consists of usual care, while the intervention arm adds assigning a Fitbit PAT to the parents and training them in its proper use. Study personnel are blinded to group assignment during the analysis phase. Study outcomes include attendance rate, program completion rate, and changes in weight-status improvement, defined as change in weight and BMI for adults and change in BMI z-score for children. We hypothesize that the intervention arm will have better weight-related outcomes than the control arm. Study completion is anticipated in 2017, after the enrollment of approximately 150 families. Conclusions: The study aim is to evaluate the effects of PATs on weight-related outcomes in overweight children and parents participating in a CBFLI. The results will be important for determining whether wearable devices are an effective addition to weight loss interventions for overweight and obese children.
Introduction
Childhood obesity continues to be a global public concern, with rates of childhood overweight and obesity rapidly rising, and in some cases tripling, in low-, middle-, and high-income countries [1] [2] [3] . New evidence suggests that this rise is plateauing in the US, but the problem is still substantial: 16.9% of children ages 2-19 are obese, and 31.8% are overweight or obese, despite major national public health efforts [4] [5] [6] [7] [8] [9] [10] . Overweight and obese children are at higher risk of remaining obese throughout their lives, have difficulty losing weight through traditional measures such as dietary change and physical activity, and have lower quality of life in terms of psychological and social health [11] [12] [13] .
Certain groups of children are at particularly high risk of childhood obesity. Latino and Black children have a higher risk of obesity and related health problems [5, 14] . Children from lower socioeconomic households have a 3.4-4.3 times higher rate of obesity than children from more affluent households [15] . In California, the income disparity in obesity prevalence is twofold in magnitude among children and adolescents, according to The National Health and Nutrition Examination Survey [16] .
There is fair to good evidence that medium-to high-intensity comprehensive behavioral family-lifestyle intervention (CBFLI) programs result in the greatest, most sustained weight loss for children [17, 18] . CBFLI involves the child and at least one caretaker, and addresses all three major areas of weight-loss interventions: dietary intake, physical activity (PA), and behavioral strategies [19] . Educating and engaging the caretaker enables changes in the home environment, which facilitates child weight-loss or stabilization. Due to their comprehensive nature, CBFLI programs can be expensive to run and difficult to implement in low-resource settings, putting them out of reach of low-income families.
A key component of pediatric weight loss programs in general, and CBFLIs in particular, is parent involvement. Parenting style and practices, family functioning, and family communication have all been linked to pediatric obesity [20] [21] [22] [23] [24] . Parents are crucial partners in the treatment of childhood obesity -they are role models, authority figures, providers, and they create the home environment that influences the energy balance and dietary composition of children [25, 26] . Parenting interventions in early childhood can decrease the risk of obesity later in life [27] [28] [29] . And while parenting-only interventions have in general not been successful as treatment for childhood obesity [30, 31] , parenttargeted obesity interventions have delivered positive, long-lasting outcomes [25] . Taken together, the literature underscores the primacy of the parent in pediatric weight loss interventions.
Objectively measured physical activity (OMPA) methods, such as accelerometry and doubly labeled water, are more accurate and precise than subjective self-reports [32, 33] . The use of accelerometers, or personal activity trackers (PAT), has been validated in adults and children as both feasible and effective in measuring PA [34] . Not enough is known, however, about whether PATs are effective in the management of childhood obesity [35] . In this study, we incorporate OMPA via PAT into BodyWorks (BW), a national CBFLI program at an urban federally qualified health center (FQHC). Uniquely, we provide the PAT intervention to the parents in the family, as well as the child.
This randomized, controlled trial is designed to 1) establish a baseline of enrollment, attendance, completion, and weight outcomes for BW, and 2) evaluate the effects of personal activity trackers on weight-related outcomes in overweight children and their parents. The primary study hypothesis is that children of families utilizing PAT will have improved weight-related outcomes, defined as either a stabilization or decrease of BMI z-scores, over the course of their participation in the BW program. Our secondary hypothesis is that participating parents who use PAT will have better weight-related outcomes at the end of the program. The trial will be open for 24 months. Herein we describe the design, rationale, and challenges related to this study.
Materials and methods
This study was funded by a grant from the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK)-supported Academic Pediatric Association (APA) Research in Academic Pediatrics Initiative on Diversity (RAPID) program (NIH R25DK096944). BW is currently in its third year at our institution. We anticipate enrolling patients for 18-24 months (July 2015-June 2017).
Conceptual framework
Physical Activity is an important part of both healthy lifestyle and weight loss programs [26] . Self-monitoring is an effective behavior change technique [36, 37] , and has been demonstrated to increase PA in adults [38, 39] . Digital PATs enable self-monitoring of PA while eliminating the burden of manual data entry. Parents enrolled in BW can use PATs to self-monitor PA, which should lead to increases in PA. This increase in parent PA leads to better role modeling for their children and better engagement in the program. These should have an overall impact in the child's PA and engagement. Joint participation and early successes will positively feedback to both parent and child, leading to overall improved weight-related outcomes for both members of the dyad (Fig. 1). 
Human subjects
The Institutional Review Board of Children's Hospital Los Angeles and AltaMed approved this study. Prospective participants were provided a thorough description of the protocol in either English or 
The BodyWorks program
Our clinic has three different weight-loss intervention programs predicated on the family's readiness for change. BW is the only CBFLI program offered in the primary care setting for overweight and obese children and their families. Primary care providers refer patients and their families based on family needs and motivation level. BW is typically selected by those with an interest in group participation, ability to commit two hours per week for seven weeks, and have multiple overweight children in one family. Once patients are referred, they are contacted by the program coordinator, who gives the family an overview of the program, explains the time commitment, and verifies the family's intent to participate. If the family is still interested, they are enrolled in the next available cycle of BW; the wait time is typically 2 months. The program is offered at no cost to the family.
Population of BodyWorks patients
BW is available to all overweight children seen in the AltaMed@CHLA primary care clinic. Overweight is defined as a BMI ≥85th percentile for age and gender. The adult enrollee may be a parent or other influential adult in the child's life. There are no age, developmental or health restrictions for participating in BW, except to the extent that they affect the child's ability to participate in the program.
In addition to the primary child and adult enrollees, additional enrollees are permitted and encouraged. All siblings, whether patients of the clinic or not, are eligible to participate in BW. Other adults connected to the primary enrollee may also participate, including relatives, family friends, or parental friends. No other children beyond the primary enrollee's siblings, however, are permitted. Additional enrollees are generally 6 years or older to participate, engage, and tolerate the duration of the BW programs, but accommodations are made for families for whom child care is a barrier to participation.
Study design, randomization, blinding, and addressing bias
This is a prospective, open-label randomized controlled trial that follows the CONSORT reporting guidelines (Fig. 2) [40] .
There are two groups within every BW cycle, conducted on two separate nights. The Monday group is taught in Spanish and the Wednesday group is taught in English. This is based on staff availability. Patients and families choose their BW session based on convenience and language preference. To ensure balanced allocation of language groups and prevent in-group informational and behavioral cross-contamination, block randomization was used to assign whole groups to either the intervention or control arms of the study. Hence in cycles 1, 3, 5, 7, and 9, the English-preference group receives the intervention, while in cycles 2, 4, 6, 8, and 10, the Spanish-preference group receives the intervention.
Once in a group, families are asked to attend all 7 sessions on the same night to reduce cross-contamination and maintain group cohesion. When a family has a scheduling conflict in a given week, however, they can attend the alternate night group. This is to ensure that they receive the full BW curriculum. Aside from the intervention (described below), the curriculum is identical for both groups.
Because the intervention involves wearing a device, there is no practical way to blind participants or providers. The data is blinded to the data analysis team via a randomly assigned study identifier to minimize bias. Participants are instructed to limit potential co-interventions by refraining from herbal supplements or other "weight-loss" supplements/medications. They were also instructed to not purchase any other PAT during the 7-week period of the study.
Control arm: BodyWorks with self-reported physical activity (SRPA)
Control participants in BW completed a paper SRPA journal each week. The physician provides personalized feedback about their 
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physical activity to each family based on the contents of the SRPA journal.
Intervention arm: BodyWorks with PAT+SRPA
Intervention participants are given a Fitbit Flex PAT in addition to a paper SRPA journal. During each week's class, data are downloaded from PATs to a clinic computer. Charts showing the prior week's daily steps and daily active minutes from the Fitbit PAT software are printed and given to participants with PATs. The physician provides personalized feedback on activity based on the combined information from the SRPA journal and PAT charts.
Study recruitment, enrollment and eligibility
Participants consist of overweight children and their family members who are enrolled in the AltaMed@CHLA BW. Enrollment began in July 2015 and is projected to continue through June 2017. Families are approached to participate in the study during their first session of BW. Because new families can join the group up to and including session 3, we actively recruit during the first 3 sessions. Families that join after week 3 are not approached to participate. All parents are approached to enroll in the study, whereupon the study goal, design, procedure, and incentives are explained. Bilingual study assistants are available to answer any questions. Incentives are provided at completion of the program and return of the PAT. Program completion is defined as attendance to 4 of 7 weekly BW sessions, including the final session. This definition corresponds with the threshold of involvement at which point behavioral changes have been observed based on the experience and opinion of the BW team. Study participants are eligible for a $15 gift card upon program completion. Participants with PATs receive a $50 gift card per family upon PAT return.
Inclusion criteria were kept broad and exclusion criteria were kept to a minimum so that our study would be reflective of the actual clinical program. We enroll families that meet the following eligibility criteria: the primary child is 7-18 years old, has a BMI ≥85% for age and gender, and has at least one parent or caretaker able to attend the sessions with the child. BW patients are excluded from the study if they are < 7 years old, unable to wear a PAT as described in the study protocol, unwilling to wear a PAT, or unwilling to participate in the study. All adult participants in the intervention arm received a PAT. Children in the intervention arm had to be ≥ 13 years old in order to receive a Fitbit per federal regulations. If not, only the parent received a Fitbit.
Personal activity trackers (PATs)
Fitbit ® (Fitbit, San Francisco, CA, USA) has been used in multiple studies of adults and has been shown to be reliable, economical, easy to use, and to provide substantial amounts of data [41] [42] [43] . In one study, Fitbits were shown to have mean absolute percent error values (computed as the average absolute value of the group-level errors) of 10%, compared with a research grade portable metabolic system [41] . In contrast, self-reported PA questionnaires have limited reliability and validity [44] . Although there is no clear consensus at this time, more recent literature suggests that wrist-worn PATs should be worn on the non-dominant hand for up to 24 h a day [33] . Sixty Fitbit Flex PATs were purchased for the study and were loaned to the intervention-arm participants for the 7-week duration of each program cycle (MSRP $79 as of October 2016). PATs are assigned to intervention groups at the beginning of the program during the first lesson, whereupon participants were instructed on PAT use, including charging and usage practices. Specifically, participants were instructed to wear PAT devices on the wrist of the non-dominant arm for a minimum of 20 h per day. Participants were informed that they should remove PATs for certain activities that may damage the device, such as showering and swimming.
Fitbit Flex PATs are charged using a device-specific USB charging cable, which was provided to intervention participants with a USB-tooutlet converter along with the PAT. The data from the PATs may be downloaded wirelessly using either a USB cable connected to a computer or via Bluetooth 4.0 to many iOS, Android, and Windows mobile devices using the Fitbit application [45] . As many BW participants do not own compatible mobile devices, PAT data was downloaded weekly during each BW session. Although participants were asked to not download the Fitbit mobile application, BW staff permitted and aided those with compatible mobile devices with installation and configuration of the Fitbit application. Participants were then asked to share data from their personal Fitbit account with the study team through the HexCare platform (HexCare, Los Angeles, CA, USA).
Data collection
A BW nurse records anthropometric measurements onto paper forms at the beginning of every BW session and include weight, height, blood pressure, heart rate, and BMI. Weight is recorded using one of three clinic HealthOMeter Professional 2500 KL (500) scales (Pelstar, McCook, IL, USA) to the nearest 0.01 kg. Participants are weighed in light indoor clothing without shoes. These scales are calibrated weekly using the same technique. Height is measured without shoes to the nearest 0.1 cm using a wall-mounted Seca Height-Rite model 225 stadiometer (Seca, Chino, CA, USA). BMI is calculated for each session using the following formula: [patient weight (kg)/height 2 (m 2 )]. Heart rate and blood pressure measurements are taken using a Welch Allyn Spot Vital Signs LXi device (Welch Allyn, Skaneateles Falls, NY, USA). Measurements are taken at rest while the patient is in a seated position with the back supported, feet flat on the floor, and arm at heart level.
After measurement of resting heart rate and blood pressure, participants are asked to perform a 3-minute step test during the first and last sessions. A BW staff member demonstrates the step cadence and times participants, who are asked to vigorously step on and off an aerobics block with alternating steps for three minutes. Within 15 s of completion, repeat heart rate and blood pressure measurements are taken.
Clinic staff enter data from the paper forms into the medical record. Study personnel enter data into an electronic database on a weekly basis. The presence of recorded anthropometric data serves as a record of attendance.
PA is assessed using a standardized SRPA form (Appendix 1) and, in the intervention group, with a PAT. The SRPA form is available in English and Spanish and prompts participants to log activity and duration each day of the week. Patients fill out the form at each session based on the previous week's activity. For intervention participants, minutes of activity and number of steps were downloaded from each PAT and grouped into 24-hour blocks corresponding to each calendar day.
Parent and child attitudes, knowledge and perspective on diet, nutrition, and PA were measured using the BW standard entrance and exit surveys, administered at the first and last sessions, respectively. Child sleep was assessed using the Children's Sleep Habits Questionnaire (abbreviated) (CSHQ-A) during the first and last sessions [46, 47] .
PAT satisfaction was measured using a 5-point Likert scale to assess 1) PAT comfort ("The Fitbit was comfortable to wear"), 2) ease of charging ("The Fitbit was easy to charge"), 3) enjoyment ("I enjoyed using the Fitbit"), 4) motivation to do more activity ("I was motivated to do more activity by wearing the Fitbit"), 5) utility of weekly reports and feedback ("The weekly Fitbit reports and feedback were useful for me"), and 6) consideration of PAT purchase ("I will consider getting my own Fitbit, or a similar device, in the future").
Families are scheduled for monthly follow-up visits for 6 months post-program completion. BW staff calls families to remind them of upcoming appointments. Data for the 3-and 6-month follow up visit is collected via chart extraction using the electronic medical record. If a patient does not attend follow-up visits, the height, weight, and BMI recorded from any available encounter within one month of the followup interval will be used. The complete data collection schedule is shown in Table 1 . Physical Activity Guidelines for Americans, respectively [49, 50] . The sessions were designed using components of several validated theories of learning and behavior change, including the Transtheoretical Model, Social Cognitive Theory, Motivational Interviewing, and Adult Learning Principles [51] [52] [53] . BW has undergone several single-and multi-site evaluations by the DHHS, typically with positive results [54] . Other institutions have also published their experience using the BW curriculum.
BW intervenes in three key areas: diet, exercise, and behavioral change. Most importantly, the program requires that a parent or other influential adult attend the program with the primary child, under the theory that adults must be willing and invested in enacting changes in the home for children to successfully lose weight. In response to participant feedback and our experience, AltaMed@CHLA runs a modified, 7-week protocol instead of the 8-week standard. Additionally, we have modified the curriculum to promote in vivo activities with trained session leaders. Notably, we have incorporated grocery store tours that include a produce exhibit where children select produce to taste test.
Class schedule
The 8-week program consists of an orientation and seven classes. The orientation occurs the weekend prior to the first class and lasts approximately 3 h. During orientation, participants are informed about the study, questions are answered, and consent obtained. Families complete the BW entrance survey, a demographics survey, and the initial CSHQ-A (Appendix 1). Baseline anthropometric data and 3-minute step test are recorded for all participants. Each class lasts approximately 2 h, and meets once a week. A typical class schedule is described in Table 2 .
Sessions largely adhere to the BW standard, but are condensed to accommodate the shorter program duration as well as new topics added at the discretion of the BW instructor. Topics covered include nutrition, PA, stress, sleep, body image, bullying, the role of the media, and how to continue lessons learned. An overview of the curriculum schedule with each week's focus is listed in Table 3 .
Bullying is a traumatic experience that many families discuss when body image is taught. If bullying arises prior to that session, program leaders follow up by phone with the family to provide additional support and linkage. When appropriate, these patients are referred to individual mental health services through AltaMed@CHLA.
Follow-up visits
Once the program is completed, families continue follow up with their primary care provider.
In addition, families are offered the opportunity to come back for monthly BW check-in visits. During these visits, families speak one-onone with BW staff, and participate in an hour-long BW group session to discuss successes, struggles, and strategies to continue a healthy lifestyle. If families request additional support, BW staff connects them to other community programs, or participants may attend another cycle of BW. In the latter scenario, only the first cycle of participation is included in this study.
Outcomes and analysis plan
The primary hypothesis is that, compared with controls (BW alone), children in the intervention arm (BW+PAT) will experience better weight-related outcomes, defined as BMI z-score decrease or stabilization versus increase. As a secondary hypothesis, we expect parents in the intervention arm will also experience better weight-related outcomes compared to controls. The analysis will be based on intention-totreat principles. The primary outcome will be assessed at program completion. A pediatric z-score calculator will be used to calculate zscores for children 2-19 years of age [55] . The most commonly reported adult weight loss metrics for non-surgical interventions are absolute weight lost (ΔKg, calculated as initial weight in Kg -final weight in Kg), BMI units lost, (ΔBMI, calculated as initial BMI -final BMI), and percent weight loss (%WL, calculated as [initial weight -final weight]/ initial weight x 100) [56] [57] [58] .
A mixed ANOVA will be conducted for the primary analysis to examine the changes from the pretest to the posttest to three months follow-up and the differences between the intervention and control groups. Potential covariates may include age, gender, race/ethnicity, income per household, federal poverty level, and limited English proficiency.
Intergroup differences will be assessed for baseline-to-follow-up changes in blood pressure, heart rate, and 3-minute step test post-recovery heart rate. SPSS will be used for all analyses.
Descriptive statistics will be used to report other study outcomes, including demographics, sleep behavior, attitudes and knowledge regarding nutrition and PA, overall satisfaction with PAT use, and associations between parent activity levels and child weight-status outcomes.
Power and sample size
To address the primary study outcome at baseline, intervention completion, and 3 months post-intervention, assuming a medium effect size of f = 0.25, with an a priori alpha of 0.05, a power of 0.80, two groups, and three measurements, and using a mixed ANOVA, a sample size of at least 86 parent-child dyads is needed [59] . Accounting for up to 20% attrition, a minimum sample size of 104 parent-child dyads (or 52 per group) is needed. We plan to enroll a total of 150 parentchild dyads or about 15 per cycle, with a total of 10 cycles.
The effect size is estimated based on clinical significance. Healthy weight loss for adults is typically described as ∼0.5-1 kg/week by the CDC and the DHHS [53, 60, 61] . Because child weight and growth velocity vary greatly by age, there are no standardized recommendations for weekly weight loss. Common practice targets no weight gain or, for older children, 1% of body weight/week or 0.5 kg/week, whichever is smaller.
Discussion
Adult studies have assessed the utility of Fitbit and other PATs in a variety of contexts, including weight loss, with mixed but promising results [38, 62, 63] . There are far fewer studies evaluating PATs in children. A 2016 systemic review by Ridgers et al. [35] found just 5 studies that examined the feasibility and effectiveness of PATs as tools to increase PA in youth age 5-19 years. All 5 were relatively small (n = 6 to 87) and none of these studies looked at weight-related outcomes. Our study has a series of unique features, including 1) the use of PATs within a large, rigorous pediatric CBFLI program, 2) the inclusion of parents as PAT users, and 3) the use of digital health interventions with low-income, minority populations.
Given the high prevalence of obesity and its disproportionate impact on underserved communities, there is an urgent need to implement and evaluate weight-management interventions for these high-risk populations. As financial, clinical, and temporal resources are limited, improving the effectiveness of existing weight loss interventions is valuable from a personal, professional, and societal perspective. As noted by the Children's Health Fund, mobile health technologies enable new care models, and such disruptive innovations have the potential to reduce pediatric health disparities [64] . Technology as an adjunct to behavior change may improve weight loss, but the evidence base is still growing, and the underlying mechanisms are still being explored.
Challenges and solutions
The BW program and this study have evolved in response to participant needs, interests, and characteristics.
Challenges related to the BodyWorks program
As noted previously, the AltaMed@CHLA BW program was a shortened variation of the standard BW program. Due to significant participant dropout with an 8-week program length, BW was shortened to 7 weeks. In condensing the curriculum, however, addressing important topics was difficult, especially with the addition of new health topics. In practice, this manifested as difficulty staying within each class meeting's time limits. The BW program adapted by focusing on operational improvements for more efficient sessions and training staff to ensure a positive participant experience. For example, nutrition and occupational therapy (OT) students were given explicit instructions for class session and role-playing activities days in advance. Before, students were given instructions the day of class sessions; the new structure resulted in greater student familiarity with class activities. Additionally, front desk staff and medical assistants were trained to emphasize good patient interaction and bedside manner. Obtaining consent was also shifted to the orientation session so that there was more time to complete the educational activities, as the process can be time-consuming.
By adjusting not only lesson content, but also how it was delivered, BW improved the overall curriculum to better engage participants. For example, participants showed little enthusiasm for the BW video, preferring in vivo activities during the sessions. In response, BW provided the video as a DVD in each participant's program packet, and utilized the time instead for a grocery store tour. This tour was possible due not only to the reallocated time, but also due to the relationship developed between the BW team and grocery store management. The store was adjacent to CHLA, enabling the team to seamlessly incorporate the activity after didactic lessons. Additionally, management at the grocer accommodated activities that engage and excite the children, offering children opportunities to select produce to taste test in a produce exhibit. This encouraged participants to try new, healthy food options. BW also aims to enroll several families per group so as to promote group unity, cohesion, and accountability.
High coordinator turnover
The involvement of nutrition and OT student interns presented its own challenges in program continuity and consistency. OT student interns were actively involved in teaching BW during the school year, and could obtain class credit. During the summer, however, they conducted fieldwork, limiting their involvement in BW and restricting expertise in play-based learning. Additionally, nutrition interns were only involved with BW for several weeks. Each cohort of interns was trained for 2 h prior to involvement, resulting in a relatively frequent, recurring time commitment from the BW lead.
Challenges related to serving an underserved population
BW participants came from predominantly low socioeconomic status families, which may have been a marker for decreased access to and familiarity with technology. Many of the participants did not own computers, nor had regular access to one, and some did not have smartphones. As a result, they were unable to use the Fitbit smartphone or desktop computer application to sync and review their activity data. For this reason, we synced Fitbits for all users once a week during class and provided them access to their data. This was a different user experience than intended by the manufacturer, and indeed from others who did have access to the necessary pairing technology. Over the course of the year, however, we noted that more and more families had smartphones, so future iterations of the intervention will incorporate allowing participants to sync Fitbits to their personal devices.
Although the BW program is a mature weight-management program that operates outside of the study, it continues to struggle with participation. It is estimated by the program lead that only 25% of contacted patients appear for the first class. Additionally, although classes are scheduled to occur outside of standard business hours, some parents had irregular work hours and were unable to attend the same weekday session from week to week. BW was first and foremost a communitybased intervention meant to support these families, so every attempt was made to accommodate this variability in schedule even at the expense of clear segregation and blinding between the intervention and control groups.
Challenges related to PAT usage
Improper usage and loss of PATs is observed among some participants. Adult participants lose or damage PATs during work or everyday life. To date, our 60 devices have been loaned to participants 101 times; 1 has been lost; 3 have been damaged; and 14 are accounted for but have not been returned to program coordinators. Additionally, some participants have difficulty wearing PATs as instructed or keeping PATs charged. Gaps in PAT data typically indicated a lack of charging, and in such instances, the participant is typically unaware that the PAT was inactive. The frequency of such behavior is being recorded, and is an interesting area for future study to further understand the mechanism by which PATs interact with behavior. It is likely that if patients had access to their PAT data on mobile devices, they may have been more aware of whether the PAT was charged or not. Unfortunately, funding mobile devices for participants is beyond the scope of this study.
Legal restrictions on pediatric research
The active intervention was limited to children ≥13 years old due to factors outside of the control of the BW team. Federal law in the US prevents the creation of online accounts for children < 13 years old without parental permission [65] . Although the Children's Online Privacy Protection Act (COPPA) has been amended since its original passage in 1998, it still requires parental permission for certain online registrations and activities, and Fitbit policies prohibit the creation of accounts for children < 13 years old [66, 67] . This regulation creates some additional difficulties in studying any technology with an online component in a pediatric population. The interpretation and enforcement of the terms of use by manufacturers and research institutions, however, has been highly variable, with several published studies reporting the use of Fitbit and other devices in children < 13 years old [35, 68, 69] . Until there is further clarification of this law, researchers, IRBs, and manufacturers must continue to clarify roles and agreements on a study-by-study basis.
Our institution has decided that COPPA applies to this and other device studies, which required that our original study design (having all parents and all children, regardless of age, use PATs) be amended after obtaining funding and IRB approval to limit device use to children 13 years of age or older. While this creates some heterogeneity in the intervention group (some parent-child dyads have two devices users while other have one), because we believe the primary mechanism of action of PATs is through the parent, it is reasonable to analyze all intervention families as one group. Over time, a sufficiently large n may allow us to conduct sub-group analyses to evaluate the impact of one vs. two PAT users within the parent-child dyad.
Future directions
Our conceptual framework is informed by theory and anecdotal experience, but lacks empiric evidence. We intend to conduct additional qualitative research to better understand how PATs affect weight lossrelated behavior change in this patient population. Our current study limits the participants' ability to track their own data to just using the LED display on the device; future studies will give full, real-time data access to participants, thereby enabling comprehensive self-monitoring. Expanding to other sites and enrolling different populations would improve the generalizability of our intervention. As digital health interventions proliferate, several studies and clinical programs have started combining multiple modalities: wearable devices, text messaging, mobile applications, etc. We hope to study whether a more comprehensive "digital ecosystem" may have a larger effect than just a single device. Understanding if there is a "dose effect" with technology interventions will be valuable for intervention design and budget allocation, particularly in resource-limited settings. Finally, working closely with our institution, manufacturers, and legal counsel, we hope to arrive at a reasonable approach to studying digital health interventions in pediatric populations that is both in keeping with federal regulation and reflective of real world use.
Conclusions
Pediatric weight management is a complex and multidisciplinary endeavor, and there is an array of new, affordable technologies that may augment and improve existing clinical programs. Although research in the efficacy of these technologies is still early, it is important to ensure that researchers and clinicians consider how they may be evenly applied to all patients, including the underserved. Working with this population entails its own unique challenges regarding resource availability, technology familiarity, and language barriers. As the existing BW program demonstrates, however, proper preparation and staffing enable programs to operate effectively. The BW study has implications for the use of PATs in conjunction with weight-management programs as objective measures of activity as well as potential sources of motivation, which may influence program completion rates and weight-related outcomes. With our planned sample size, age range, and patient diversity, we are well positioned to gain valuable insights regarding the effects of PATs on weight outcomes for overweight children enrolled in a weight-management program at an FQHC.
